KOŠULIČ ONDŘEJ, NOVÁKOVÁ LUCIE, ŠŤASTNÁ PAVLA: Epigeic spiders (Araneae) from the Malá Dohoda Quarry (Moravian Karst Protected Landscape Area, Czech Republic). Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 3, pp. 651-662 This publication makes a faunistic contribution to knowledge of the epigeic spider species composition in the limestone quarry Malá Dohoda which is located in Moravian Karst PLA. The spiders were collected by pitfall trapping between catching period 19. 3.-1. 11. 2012. We chose 6 plots all around the quarry -in the inner part, edges of quarry and outside part of quarry. A total of 1 474 adult specimens were collected and determined as 78 species of 21 families. The most signifi cant fi nding is vulnerable species (VU) Parapelecopsis nemoralis (Blackwall, 1841) which is the second record for Moravia. Among the other signifi cant fi ndings, both in term of rarity and bioindication, were
spiders, faunistics, limestone quarry, Moravian Karst PLA, Czech Republic Moravian Karst is a typical karst area with numerous surface and underground karst phenomena, such as sinkholes, abyss, karst valleys, limestone fi elds, cave systems and quarries. Specifi c environmental conditions of karst areas (limestone substrate, moisture, border of thermophyticum and mesophyticum, hot rock outcrops, cold glens) enable the presence of characteristic plant and animal communities. Very specifi c habitats include inactive quarries, where there is natural succession and restoration of natural potential of these xerothermic refugia in the landscape. Regarding arachnological research in Moravian Karst, one of the fi rst basic summaries of spiders is the work by Kratochvíl and Miller (1940) who described a new species of Lepthyhphantes speleomoravicus from the cave called Býčí skála (later it was discovered that this is the species of Lepthyhphantes imbropulus). Before them, Böhm (1925) briefl y mentions the spiders from the vicinity of Moravian Karst. In 1990-1992 a research was conducted on epigeic invertebrates (including spiders) in diff erent parts of the karst. Summary of spiders in this research (2 faunistic squares contained and a total of 107 species detected) was published by Majkus (1995) . Papers devoted to Araneae species found directly in the caves (Absolon, 1912; Růžička, 1999a Růžička, , 1999b ) cannot be omitted. The most recent published data are on the composition of the arachnofauna from the hillsides of Vilémovická and Macošská stráň (Niedobová et al., 2011) and in various sinkhole habitats (Horáková, 2005; Hula et al., 2012) . Habitats in quarries were generally rather neglected by arachnologists and there are no faunistic data from Moravian Karst. Some authors suggest that quarries host major types of rare and remarkable xerothermophilous spider species (Tropek 2007; Tropek and Konvička, 2008; Tropek et al., 2010; Kůrka, 2000; . All of these works are focused on arachnofauna in quarries in Bohemia (Bohemian Karst, Blanský les), while from Moravia one work only is known to be focused on spiders the quarry called Lesní lom Hády (Hula & Šťastná, 2010) which lies below the southern border of Moravian Karst PLA.
In this contribution we present fi rst faunistic records of spiders from the quarry habitats in the Moravian Karst Protected Landscape Area. Among them, we mention and discuss rare and remarkable spider species found in our explored area.
Investigated Area
The survey was conducted in the quarry called Malá dohoda where mining started in the 30s of the 20 th century. The quarry is still active and mining takes place in some parts of it. It is located in a protected landscape area in the northern part of Moravian Karst, 2 km to the north from Ostrov u Macochy and 1 km to the southwest from the village of Holštejn (GPS: 49°24'0.881"N, 16°46'5.815"E, faunistic square 6666 (Pruner & Míka, 1996) . The location is situated at an altitude of 500 m.a.s.l. The outside landscape with border of the studied locality is showed in Fig. 1 . In order to capture spiders, formaldehyde pitfall traps with a detergent as a wetting agent were used. In the quarry, pitfall traps were placed in three lines at six sites. Three sites were in habitats with early succession: one line directly in the quarry (location 4), one at the edge of the quarry (location 5) and one in the vicinity of the quarry (location 6); and three sites in habitats with advanced succession: one line again directly in the quarry (location 1), one at the edge of the quarry (location 2) and one in the vicinity of the quarry (location 3). Samples were collected in monthly intervals in the growing season in 2012. The pitfall traps were installed in March (19 March, 2012) , collections took place then on (dd.mm.yyyy) 19. 4. 2012, 25. 5. 2012, 19. 6. 2012, 24. 7. 2012, 24. 8. 2012, 25. 9. 2012, 1. 11. 2012 . A er collection, the material was preserved in 70% alcohol.
Description of collecting sites
• Location 1 was basically a mudslide and stones, the total coverage was 45%. Artemisia vulgaris, Agrostis capillaris, and Arrhenatherum elatius were rather strongly represented.
• Location 2 was situated in continuous ruderal grassland, soil was partially torn down and there was a rocky backfi ll. The total coverage was 75%. Rather abundant were Crepis biennis, Lotus corniculatus, and Poa pratensis.
• Location 3 was covered by natural seeding and vegetation of forest edges. The total coverage was 95%. Carpinus betulus, Galium mollugo, and Arrhenatherum elatius were in greater proportions.
• Location 4 was represented by the initial stage of ruderal vegetation. The total coverage was 20%.
There was a greater proportion of Tussilago farfara only.
• Location 5 was situated at the quarry edge, soil was partially removed here, it was ruderal herbal vegetation. The total coverage was 45%. Agrostis capillaris, Achillea millefolium, and Artemisia vulgaris were in signifi cant proportions here.
• Location 6 was an edge of a meadow and an unpaved road. The total coverage was 95%. Individual locations used for collecting of spiders are designed in Fig. 2 .
MATERIAL AND METHODS

Evaluation of collected material
All spider material was determined to species level by means of Miller (1971) , Heimer & Nentwig (1991) , Roberts (1995) , Nentwig et al. (2011) .
Assessment of spider communities was carry out by bioindication classifi cation by Buchar & Růžička (2002) supplemented by Růžička & Buchar (2008) and Řezáč (2009) . This assessment classifi ed individual species into categories according to the occupied habitat: climax habitats (C), secondary, semi-natural habitats (SN), regularly disturbed habitats (D) and category of artifi cial habitats (A). The advantage of this methodology is that individual species can be in several categories (in percentage). We transferred these categories into number scale and from this we computed our analyses. Thermopreference assessment of the species is based on Buchar & Růžička (2002) who applied division of our arachnofauna into thermophilic (T), mesophilic (M) and psychrophilic (O) species which occur mainly in our oreophyticum area. We used the percentage calculation as well the classifi cation. Conservation status follows by Růžička (2005) according the Red List of the Invertebrates of the Czech Republic.
Nomenclature and arrangement of families, genera and species follow the Catalogue of Spiders of the Czech Republic (Buchar & Růžička, 2002) and the most recent version of the World Spider Catalog 13.5 (Platnick, 2013) , with extention of name Clerck, where we accept the Art 3.1 of ICZN (1999) . Most of the species were determinated by Ondřej Košulič. Taxonomically complicated taxa were revised and determinated by Vladimír Hula. All of the examinted material is deposited in collection of Ondřej Košulič.
RESULTS AND DISCUSSION
Faunistics
During the collection period, from 19 March, to 1 November, 2012, a total of 1 474 adult specimens belonging to 78 species and 21 families were collected. Dominance of families can be expressed by the number of species and number of specimens (Tab. I). In terms of number of species, Linyphiidae family is clearly dominant with 18 species, but the most species were found only sporadically with several specimens at each monitored location (except location 5). Other eudominant families include typically epigeic species representing the families of Lycosidae, Gnaphosidae, and Thomisidae. In particular the family of Lycosidae was signifi cantly the most abundant (984 specimens, 67%). However, it is important to point out that this high abundance was caused by species Pardosa lugubris (very abundant species of deciduous forests) and Pardosa palustris (very abundant species of wet meadow habitats). The fi rst mentioned species was detected abundantly in particular at location 3 (deciduous forest edge) and the latter one at location 6 (the edge of a wet meadow and a fi eld). At other locations, these eudominant species were detected only sporadically in a far lesser extent. Another very abundant species of Lycosidae is Xerolycosa nemoralis which was found repeatedly at location 1 (xerothermic conditions, landslide and rock). The remaining eudominant families of Gnaphosidae and Thomisidae were represented by abundant xerothermophilous species of Drassyllus praefi cus, Xysticus audax, and Xysticus kochi that mainly prefer rocky habitats directly in the center and at the edges of the quarry. In habitats of quarries and rocks, a relatively unusual fi nding is a typically forest species Coelotes terrestris (41 specimens). However, the species was found only at location 3, which included a deciduous forest habitat. In this line of pitfall traps (location 3) the highest number of species (29) and a very high abundance (451) was detected. The examined habitat created ecotone between forest habitats and rocky habitats of quarries. A similar situation is found also at location 6 which created the transition between a wet meadow and xerothermic quarry edge (28 species, 480 specimens). At these locations, the infl uence of ecotonic eff ect with increasing species diversity and the total number of specimens is evident. The lowest number of species (13) and specimens (25) was detected at location 4, in the scree slope of the quarry. However, despite the low abundance of 25 specimens, as much as 13 species were found here, among them a rare species of Zelotes longipes, Micaria formicaria, and scarce Micaria fulgens which which were not detected at any other surveyed location.
At the edge of the quarry (location 5), there were detected 18 species in 135 specimens. The other two sites (locations 1 and 2) are very similar in terms of species diversity (27 and 28) as well as collected number of specimens (223 and Majkus (1995) 107 species, and most recently, Niedobová et al., (2011) 171 species. Through our research, the number of known species from faunistic square is increased to a total of 311 species. For comparison, the highest number of recorded species by Bryja et al. (2005) in the faunistic square is 7165 (405 species), 7166 (393 species), 5949 (383 species), and 6863 (360 species), (Buchar & Růžička, 2002; Růžička & Buchar, 2008) . From these results it is clear that the surveyed square 6666 is among the most explored areas in the Czech Republic in terms of arachnological research.
Summary of all species found with their conservation status, thermopreferences and bioindication value is given in Tab. II.
Presence of rare and endangered species of spiders
In the explored locality, we found only one species which belong to the category (VU) under the Red List of Invertebrates of the Czech Republic (Růžička, 2005) -Parapelecopsis nemoralis. Two specimens belonging to this species were recorded -an adult female and a male at location 3 which was characterized by thick vegetation structure with a continuous herb layer and tree layer consisting of Carpinus betulus. It is a species of vague environmental preferences and distribution in the Czech Republic, as it has already been reported from xerothermic habitats of the České středohoří Mountains , the Bohemian Karst (Suchomasty), and the Křivoklátsko region (Šmaha, 1990) . From Moravia, only a single record II: Summary of species recorded. Explanations: Habitat preference (Buchar & Růžička, 2002; Řezáč, 2009): C (climax) , SN (seminatural), D (disturb) , A (artifi cial); Thermopreferences (Buchar & Růžička, 2002) (Růžička, 2005) : VU (Vulnerable). Bold means main preference, bracket means minority preference. is reported from a completely diff erent habitat of cold debris in a cave on the banks of the Dyje in the vicinity of Vrané (Růžička, 1996 (Buchar & Růžička, 2002) . Thus the detected species are able to colonize habitats of quarries and adjacent grasslands (edges, slopes, inner parts of quarries) in the initial successional stages that meet the required conditions of these rare species of spiders by their microhabitat properties. Discovery of the species of Mermessus trilobatus in the studied area (location 3) is another faunistic indication of expansion of this invasive species in the Czech Republic. Within our territory, it was fi rst discovered only in 2007 (Dolanský et al., 2009) , and since then it has gradually spread and is found in new territories and locations within the Czech Republic (Košulič & Hula, 2011; Řezníček, 2012; Hula, pers. comm.) . Comments and reported fi ndings of the individual specimens of rare species are listed below in an annotated list.
: T (thermophilous), M (mesophilous), O (oreophilous); Conservation status
Bioindication evaluation
According to the preferences of habitat disturbance (Buchar & Růžička, 2002; Růžička & Buchar, 2008; Řezáč, 2009 ), a signifi cant proportion of species (45%) belong to species preferring climax habitats (C -climax habitat, little disturbed by man). Species inhabiting semi-natural habitats (SN) cover 38%. Among the species preferring human disturbed habitats with a higher degree of disturbance (D), there are 15% among the detected species. It should be noted that members of this latter class numerically dominated in the material collected at the studied locations. Species preferring only natural undisturbed habitats were found only in one or several adult specimens. The remaining proportion of species (2%) are among the species inhabiting artifi cial, man-made habitats (A). However, at this assessment it is necessary to point out the misleading and quite inaccurate classifi cation of habitats. Habitats of quarries (as well as meadow and grassland habitats) can never be in the Czech Republic climax and neither can they be classifi ed as undisturbed, since there was mining and human activity taking place.
In terms of thermopreference evaluation (Buchar & Růžička, 2002) , representatives of all three thermopreference classes were detected, including several species that have not been classifi ed (5% -non-specifi c entirely synanthropic species and invasive species of Mermessus trilobatus). An abundant mesophilous group covered almost half of the studied material (48%). Thermophilous species are represented by 34% and the species occurring in oreophyticum represented 13%. We can therefore say the araneocenosis of the explored quarry belongs to signifi cantly mesophilous community that is enriched by the thermophilous species living in thermophyticum (limestone quarries and xerothermic adjacent grasslands provide a very suitable habitat).
Annoted list of signifi cant species found
Linyphiidae
Ceratinella major Kulczynski, 1894 Rare species occurring among detritus in deciduous forests, o en associated with scree slopes. We found one adult female in forest habitat which passed to the edge of the quarry. From examinated faunistic square (6666) this species has been already collected by Vlastimil Růžička in Sluneční skály (Růžička, pers. comm.) . However, the fi rst record, even for Moravia, was made by Majkus (1995) who found one specimen in the Suchý žleb valley.
Data: 1♀, 19. 4.-25. 5. 2012, plot 3.
Mermessus trilobatus (Emerton, 1882) An invasive spider species which was introduced to Europe from North America in the 80s of the 20 th century. The fi rst discovery in Europe comes from southern Germany near Karlsruhe (Blick et al., 2005) . In the Czech Republic, it was fi rst found in 2007 in sandy areas around Bezděkov in eastern Bohemia (Dolanský et al., 2009 ). In addition, several specimens were found in wetlands of Bohemian Karst and the nature reserve of Kleneč pod Řípem (Řezáč, pers. comm.) . From the territory of Moravia, data from vineyard terraces (Košulič & Hula, 2011) and sandy areas around Hodonín are known, where it occurred in relatively abundant numbers (Hula, pers. comm.) . In Moravian Karst, it was reported from sinkholes (meadow habitats) which almost border on our explored site (Řezníček, 2012) . Mermessus trilobatus is able to successfully spread in the air (by so called ballooning). It is likely to colonize suitable sites throughout the territory of the Czech Republic soon (Dolanský et al., 2009 ) just like its related species from the same family Ostearius melanopygius (Růžička, 1995) . Data: 1♂, 24. 7.-22. 8. 2012 , plot 3.
Parapelecopsis nemoralis (Blackwall, 1841) A rare species of a small money spider with unclear ecological requirements. According to Buchar & Růžička (2002) , species living among moss, lichens and detritus on scree slopes. This species has been found in three faunistic squares in Bohemia: south faced xerothermic meadows (Oblík Nature Reserve) in the České středohoří Mountains , the Křivoklátsko region (Šmaha, 1990) and around municipality of Suchomasty in the Bohemian Karst . From this distribution in Bohemia is signifi cant presence of this species largely in xerothermic steppe and forest steppe habitats. However, fi nding from Moravia (one faunistic square) becomes from scree slopes in cold cave near Vrané, around river bank of Dyje (Růžička, 1996) . We found adult male and female in forest habitat near the edge and rocky slopes of the studied quarry. Second record of this remarkable species in Moravia. Distribution map of this spider is designed in Fig. 3 . Data: 1♂1♀, 25. 5.-19. 6. 2012 , plot 3.
Pelecopsis parallela (Wider, 1834) Scarce species founded mainly among detritus in various contrasting open habitats -wet meadows, on sand dunes, in lucerne fi elds. Majority of faunistic squares of this species belong to the Bohemian part, while in Moravia, especially in southern Moravia, there are only few records from Mohelno (Miller, 1947) and sand dunes in Bzenec (Růžička & Bezděčka, 2000) . There is only one recent fi nding from reeds of the Ovčovské louky Nature Reserve near Hodonín (Bryja et al., 2005) . First record of this species for the area of the Moravian Karst. Data: 1♂, 19. 6.-24. 7. 2012 , plot 3.
Zodariidae
Zodarion rubidum (Simon, 1914) Scarce species of diff erent habitats, more abundant on artifi cial habitats like motorway verges, railway embankments, vineyard terraces and so on. Found as a very common in the quarry of Lesní lom Hády (Hula & Šťastná, 2010) and all over the Pálava region (Bryja et al., 2005) . These abundant fi ndings are in contrary to Buchar & Růžička (2002) which reported this species as a relatively rare. There are also records from sandy habitats around Bzenec (Růžička & Bezděčka, 2000) . The increasing number of records strongly support the theory about its spreading to the northern Europe (Pekár & Král, 2001) . Anyway, record of this species in Malá Dohoda quarry is the fi rst fi nding for the area of Moravian Karst. Z. rubidum was most abundant on the places with bare soil and vegetation cover around 45-75%, on the edge of quarry and xerothermic slopes around inner part of quarry.
Data: 1♂, 24. 7. -22. 8. 2012, plot 1; 15♂1♀, 19. 4.-25. 5. 2012, 1♂, 25. 5.-19. 6. 2012, 2♀, 24. 7.-22. 8. 2012; 6♂, 19. 4.-25. 5. 2010, 10♂2♀, 25. 5.-19. 6. 2012, 2♂5♀, 19. 6.-24. 7. 2012, 1♀, 24. 7.-22. 8. 2012, plot 5; 1♂1♀, 19. 4.-25. 5. 2012, plot 6 .
Gnaphosidae
Micaria formicaria (Sundevall, 1831) A rare species of rocky steppes and forest edges where it lives under rocks and grass. Its appearance as well as movement reminds of ants. In the Czech Republic, it occurs sporadically throughout the territory in the lower to mid elevations. The recent fi ndings of this species include the same faunistic square at Macošská stráň slope (Niedobová et al., 2011) and the nature reserve of Balcarka (Hula et al., 2009) . Earlier fi ndings from Moravian Karst are reported by Majkus (1995) and Miller (1967) . In the explored area, the species was discovered directly in the scree slope in the inner part of the quarry.
Data: 1♂, 19. 6.-24. 7. 2012, plot 4.
Zelotes aeneus (Simon, 1878) Rare species which occurs under stones on dry habitats -rock steppes, forest steppes and on spoil heaps in early stages of succession. It was recorded only from synanthropic habitats in Moravia (Bryja 3 : Distribution of Parapelecopsis nemoralis (Blackwall, 1841) Zelotes longipes (L. Koch, 1866) Rare species which mainly occurs in dry to very dry habitats, such as rocky steppes, forest steppes, and various xerothermic graslands. Bryja et al. (2005) report this species as common around Pálava with autumn activity which is also mentioned by Košulič & Hula (2011) in vineyard terraces habitat where the species was found to be very abundant. In the area of Moravian Karst, this species was already found by Miller (1967) and Majkus (1995) . Recently, from faunistic square 6666 Z. longipes was reported from Vilémovická stráň slope by Niedobová et al. (2011) and from sinkholes in very close proximity to our explored locality by Hula et al. (2012) . Data: 1♂, [22] [23] [24] [25] . 2012, plot 4.
SUMMARY
Collection of spiders was conducted in a limestone quarry of Malá Dohoda which is located in a protected landscape area of Moravian Karst. Mining is still active there at several places. Spiders were collected using formaldehyde traps at 6 diff erent locations in the period from 19 March to 1 November, 2012. In total, 1474 adult specimens belonging to 78 species and 21 families were determined. The highest species diversity and abundance were found at ecotonic sites between the quarry and forest and meadow habitats. The occurrence of the most abundant species -Pardosa lugubris and P. pullata was detected here. Directly in the quarry, there was the lowest abundance of species and specimens, however, rather rare and more important bioindication species dominated. In the periphery of the quarry, we found higher species diversity with more abundant presence of several rather rare species of spiders (Zodarion rubidium). Major fi ndings include rare species of Ceratinella major, Mermessus trilobatus, Pelecopsis paralella, Zelotes aeneus, and Z. longipes. In the explored area, the species of Parapelecopsis nemoralis included in the Red List of Invertebrates of the Czech Republic as a vulnerable species (VU) was detected. Due to that, Malá dohoda quarry is the second locality in Moravia where this rare species was discovered. In total, we discovered 13 new species for one of the most explored faunistic squares of the Czech Republic (6666). These species include typical representatives of rocky habitats and biotopes in the initial stages of succession: Tegenaria agrestis, Liocranum rupicola, Zodarion rubidum, and Zelotes aeneus. In terms of bioindication evaluation, 45% of the species prefer climax habitats, 38% semi-natural habitats, 15% disturbed habitats and 2% of species occur in manmade habitats. The largest proportion of species of the spectrum belongs to the species dwelling in mesophyticum (48%) and thermophyticum (34%). Also species inhabiting oreophyticum (13%) and non-specifi c, o en synanthropic (5%) species, were detected. Thus it can be concluded that, in the explored area, valuable community of spiders was found including a few rare species that enrich the arachnofauna in Moravian Karst. Simultaneously, importance of post-industrial sites, such as quarries, for increasing and maintaining biodiversity in the intensively used landscape of the Czech Republic is signifi cant.
